Introduction
Iris sphincter muscle, ciliary muscles and trabecular cells have been found to have extensive expression of muscarinic receptors. [1] [2] [3] Stimulation of the receptors results in meiosis through the contraction of sphincter muscle; 4 relaxing of zonulas between the lens and the ciliary body through the contraction of ciliary muscles; and accommodation is achieved by changing the position of the lenses to relaxing or spherical. 5 Muscarinic receptors, which create contracting or relaxing of the trabecular network can also lead to changes in the intraocular pressure by changing the aqueous humor drainage. 6 Studies with selective antagonists showed that muscarinic M3 receptor subtypes were present in iris sphincter and ciliary muscle cells. 2, 7 Moreover, Ishizaka et al. identified in evaluating immune reactivity of muscarinic receptors in the tissues of the iris that M3 was the predominant receptor subtype, but other subtypes (M1, M2, M4 and M5) were also present in lower levels. 8 drugs. [9] [10] [11] Tolterodine exerts its activity in the treatment of overactive bladder through the inhibition of binding of acetylcholine to M2 and M3 receptors on the detrusor muscle. Antimuscarinic drugs act mainly during the storage phase, exerting their effect on the receptors on the detrusor smooth muscle, reducing the spontaneous myocyte activity. 12 Other studies also reported that these agents have an inhibitory effect on afferent nerve fibres. 13 Ocular effects of tolterodine is uncertain. To our knowledge, only one study on the ocular effects of tolterodine is available in the literature.
The aim of the present study is to evaluate of the effects of tolterodine, a systemic antimuscarinic drug of choice in overactive bladder syndrome, on the parameters of anterior ocular segment, characterized by extensive expression of muscarinic receptors, through the Pentacam (Oculus Inc., Wetzlar, Germany) system and, on choroidal thickness through optical coherence tomography (OCT).
Methods
This study was performed between July 2014 and February 2015 after obtaining the approval of Ankara Training and Research Hospital's Local Ethics Committee. All patients gave their written informed consent.
The study group was composed of patients who were admitted to the Urology Clinic with complaint of urinary incontinence, frequent urination and urinary urgency, and diagnosed with overactive bladder syndrome, due to be treated with tolterodine (Detrusitol SR 4 mg, Pfizer).
Patients were referred to the Ophthalmology Clinic before treatment with tolterodine was started. Patients underwent a thorough ophthalmologic examination and analyses by the Pentacam system. Ophthalmologic examinations and Pentacam analyses were repeated after 3 months of treatment with tolterodine. Ophthalmologic examination involved visual acuity measurement by Snellen scale and refraction examination, anterior segment examination by slit-lamp biomicroscopy, intraocular pressure measurement by applanation tonometry, angle examination by Goldmann lenses, fundus examination by 90 Diopter lens, anterior segment analysis by Pentacam, and choroidal thickness measurement by OCT.
Inclusion criteria: Absence of systemic diseases such as diabetes, hypertension, congestive heart disease, acute or chronic renal insufficiency; any ophthalmologic disease; history of ocular surgery; ocular injury; high refractive error (>± 6 D); intraocular drug injection; photodynamic or photocoagulation laser treatment; use of topical ophthalmologic drops; urinary tract infection.
Pupil diameter, anterior chamber depth, anterior chamber volume, anterior chamber angle and lens thickness were obtained by Pentacam. The mean value for the pupil diameter was determined in millimeters, from the results of at least three measurements obtained during the scan. Pupil diameters were measured without dilation. As pupil diameter is known to be dynamic, affected by various factors, including accommodation, complex neural factors and responses, all measurements before, and after the administration of the drug were conducted under the same conditions of illumination. 14 Findings of ocular examinations before and after treatment and of the Pentacam analyses were compared statistically. For statistical analyses, paired t test was used. A p value of 0.05 or below was considered statistically significant.
Choroid imaging was assessed with EDI-OCT (enhanced depth imaging optical coherence tomography; Spectralis ® , Heidelberg Engineering, Heidelberg, Germany). For all measurements, OCT images were obtained from a single horizontal section through the foveal center. Choroidal thickness was measured at 500 micron intervals of the section from 3 mm nasal and temporal to the foveal center. Choroidal thickness was measured from the outer border of the retinal pigment epithelium to the inner scleral border.
A preliminary estimate of sample size was based on choroidal thickness between pre-and postmeasurements, based on previous studies, for which a study with an effect size 0.5, type I error of 0.05 and a type II error of 0.2 would require approximately 60 patients with two-sided significance testing.
For the analyses of the choroidal thicknesses, statistical package for the Social Sciences for Windows version 16.0 was used. Categorical variables were given with numbers and ratios, and continuous variable values were given with mean, standard deviation (SD), minimum and maximum values. Ocular values before and after the administration of tolterodine were compared by a paired t test (two-tailed paired sample t test). Statistics were expressed as mean ± SD. In this study, a p value < 0.05 was considered significant.
Results
A total of 122 eyes of 61 patients (34 female; 27 male) were included in the study. The mean age was 58.1 ± 13.5 years (age range was 38-79 years). The mean age was 58.4 ± 7.3 years for females, and 56.5 ± 11.1 years for males.
Visual acuity for both eyes were determined as 10/10. None of the patients have been reported to have any subjective findings, including blurred vision. Anterior segment examinations revealed normal findings for all patients with intact conjunctiva and cornea, anterior chamber of normal depth, pupil at the center with smooth borders and response to light stimulation was present, clear lenses. No changes were observed in ophthalmologic examinations after the drug was administered. In fundus examinations, optic disc, macula and visible retinal surfaces were natural in all patients. No significant changes were observed in fundus examinations after 3 months of drug administration compared with the results of the examinations before drug administration.
Intraocular pressure was measured by Goldmann applanation tonometry in all patients before and after drug administration. Mean values of intraocular pressure obtained were 15.10 ± 2.75 mmHg before treatment and 15.18 ± 2.65 mm Hg after treatment.
Findings of the Pentacam analyses
Pentacam analysis data obtained before and after treatment for pupil diameter, anterior chamber depth, anterior chamber volume, anterior chamber angle, and lens thickness were compared for all eyes. Mean pupil diameter was measured as 3.09 ± 0.48 and 3.12 ± 43 mm for all patients, respectively, before and after the treatment. Preand post-treatment mean values of anterior chamber depth for all patients were 2.68 ± 0.65 and 2.70 ± 0.61 mm. Pre-and post-treatment mean values of anterior chamber volume for all patients were 161.2 ± 44.9 and 168.3 ± 46.5 mm. 3 Preand post-treatment mean values of anterior chamber angle for all patients were 38.56 ± 6.7° and 38.036 ± 9.1°. Pre-and post-treatment mean values of lens thickness for all patients were 2308.8 ± 601.3 and 2313.4 ± 608.1 µm (Table 1 ). In all measurements, there were no significant differences between pre-and posttreatment mean values (p = 0.711, p = 0.501, p = 0.665, p = 0.518, p = 0.759, respectively).
Choroidal thickness values by optical coherence tomography
Mean choroidal thickness of the subfoveal region before the administration of tolterodine was 267.92 ± 81.35 µm, and 271.83 ± 75.42 µm after the administration of tolterodine. No statistically significant differences in the choroidal thickness was obtained for the subfoveal region (p = 0.862). Mean choroidal thickness values for the nasal region before and after the administration of tolterodine were 191.27 ± 82.49 µm and 198.49 ± 94.62 µm, respectively. No statistically significant difference in the choroidal thickness was detected for nasal region (p = 0.658). Mean choroidal thickness values for temporal region before and after the administration of tolterodine were 231.85 ± 81.46 µm and 233.51 ± 79.13 µm, respectively. No statistically significant differences were detected in the choroidal thickness for the nasal region (p = 0.497) ( Table 2 ). 
Discussion
M3 receptor subtype was identified as the most predominant receptor subtype in the studies exploring immune reactivity of muscarinic receptors. In addition to M3, other muscarinic receptor subtypes, M2 and M5, were established to be present in ciliary muscle. The stimulation of these receptors has particular well known effects on eyes. 1, 2 Tolterodine is a nonselective antimuscarinic drug and its binding affinities to antimuscarinic M1, M2, M3, M4 and M5 receptors are established as 3.0, 3.8, 3.4, 5.0 and 3.4, respectively. The rates of affinities of solifenacin for M1, M2 and M3 were reported as 25, 125 and 10, respectively and the rates of oxybutynin for M1, M2, M3, M4 and M5 were reported as 1.0, 6.7, 0.67, and 11, respectively. 11
Tolterodine is expected to have effects on muscarinic receptors, located in the organs and the tissues other than the bladder, due to its systemic use and nonselective antimuscarinic activity. These effects appear through the inhibition of the M3 receptor in the parotid gland, in the gastrointestinal tract, and in the anterior segment of the eye. The most common side effect is dry mouth. The incidence of dry mouth in patients treated with tolterodine varies between 8% and 18% in various studies. The second most common side effect is constipation and was reported with an incidence of 2-6%. Headache is also a frequently observed side effect, with an incidence rate of 1-7%. 11 Blurred vision is another side effect that is the leading cause of discontinuation of the drug. The incidence of blurred vision has been reported in varying rates in various studies. In the study by Jonas et al., it was reported as 5%. 15 The incidence was reported as 2% by Abrams et al. 16 and as 1% by Zinner et al. 17 On the other hand, in their study, Rackley et al. reported no side effects related to vision. 18 Likewise, in our study, no complaints of blurred vision were reported in any of the patients.
Only one study on the ocular effects of tolterodine is available in the literature. In that study by Altan-Yaycıoğlu et al., 104 eyes of 52 patients were included. Patients who were diagnosed with overactive bladder syndrome and were to receive treatment with either tolterodine or oxybutynin, were examined before, and 3 months after, the treatment. The evaluation of intraocular pressure revealed a mean value of 16.86 mmHg before and 15.96 mmHg after the administration of the drug, and the difference was not statistically significant. 19 Compatible with the literature, there was no change in the measurements of visual acuity, and in the findings of ocular examination in patients, who received 3 months of treatment with tolterodine in our study.
In our study, there was no change between the pre-and post-treatment values of visual acuity in patients. Similar results have also been reported in the study by Altan-Yaycıoğlu et al. The authors reported that the pre-and post-treatment measurements of visual acuity in patients treated with tolterodine remained the same. 19 Frischmeyer et al., in their study of dogs treated with systemic anticholinergic agents, reported that there was no change in intraocular pressure from baseline values and no difference between the values of dogs treated with anticholinergic agents and of those treated with saline. 20 However, systemic anticholinergic agents have been suggested to increase intraocular pressure in patients with narrow-angle glaucoma. 21 In many studies of reliability and reproducibility of Pentacam measurements, the Pentacam system has been demonstrated to have high reliability and reproducibility. 15, 22, 23 Table2. Choroidal thickness values of patients before and after tolterodine treatment. In our study, the parameters of ocular anterior segment were measured with Pentacam before and after 3 months of administration of tolterodine, one of the most commonly used drugs in overactive bladder syndrome. These measurements involved the structures in which muscarinic receptors are located in high density, or those that are affected most from these receptors, such as the pupil, anterior chamber angle, anterior chamber depth, anterior chamber volume and lens thickness. In these parameters, no difference between pre-and post-treatment was found in all patient groups. In the evaluation of the patients' subgroups, no statistically significant difference was obtained between pre-and post-treatment parameters of male and female patient groups. Evaluations involved choroidal thickness measurements with OCT as well.
Choroidal thickness
In their study on the ocular effects of tolterodine, Altan-Yaycıoğlu et al. found that pupil diameter in bright light did not alter, whereas pupil diameter in darkened conditions was significantly larger. 19 This finding is different from ours. However, in that study, pupil diameter was measured by biomicroscopic scale. We, on the other hand, used the Pentacam system, an objective method free from human error for measurements.
Different views on the pupillary effects of systemic anticholinergic agents have been suggested in the literature. Some authors have demonstrated in dogs that these agents did not alter pupil diameter. 20 In humans, systemic anticholinergic drugs are established to cause mydriasis. 21 In our study, tolterodine did not alter pupil diameter after 3 months of treatment. Besides, in our study, for the first time in published literature, measurements of anterior chamber angle, anterior chamber depth, anterior chamber volume and lens thickness have been demonstrated as unaltered.
In our study, tolterodine did not alter the parameters of visual acuity, ocular examination, intraocular pressure, and anterior ocular segment, measured by Pentacam after 3 months of administration. This result can be explained by tissue and functional selectivity of the drug. Studies in animal and human tissue cultures showed that tolterodine was more selective to antimuscarinic receptors in bladder than to the antimuscarinic receptors in salivary glands, like parotid or submandibular glands. However, there is no study demonstrating the involvement of muscarinic receptors in eyes, bladder or in other tissues that have taken place in published literature. Therefore, the finding we have detected in the clinical environment needs to be established experimentally.
Margolis et al. studied 54 eyes of 30 healthy subjects with a mean age of 50.4 years, in the choroidal region at 500 µm intervals of a horizontal section from 3 mm to the fovea by Spectralis ® EDI-OCT and found that the choroid was thickest in the subfoveal region (mean 287 ± 76 µm), choroidal thickness decreased rapidly in the nasal direction (mean 145 ± 57 µm), and choroidal thickness decreased with increasing age. They found that choroidal thickness decreased by approximately 15.6 µm for each decade. 24 Manjunath et al. found the mean subfoveal choroidal thickness was 272 ± 81 µm. In this study, a negative correlation was found between subfoveal choroidal thickness and age (r = 0.61, p < 0.001). 25 28 Decreasing choroidal thickness with increasing age has already been shown by previous histologic studies. 24 Ramrattan et al. showed a decrease in choriocapillary density beginning from the first decade of life (choriocapillary density for the first decade: 0.75) with a linear decreasing trend with age (at 10th decade: 0.41) in enucleated 95 healthy eyes (aged between 6 and 100 years; mean age 61 years). They showed a decrease in choriocapillary density and diameter, and in choroidal thickness with age. 29 In our study, examinations of the horizontal choroidal sections to foveal center revealed that choroid were the thickest subfoveally, and the mean nasal choroidal thickness was lower than the mean temporal choroidal thickness. This correlation was found to be present both in pre-and in postadministration of tolterodine. Moreover, in this study, the difference between the choroidal thickness in subfoveal, nasal, and temporal quadrants before, and 3 months after, the administration of tolterodine was not found to be statistically significant.
In conclusion, tolterodine did not alter subjective findings reported by the patients and findings of ocular examination, and of intraocular pressure after 3 months of treatment. After 3 months of treatment, tolterodine did not create any statistically significant change in the parameters of anterior segment measured by Pentacam, including pupil diameter, anterior chamber depth, anterior chamber volume, anterior chamber angle and lens thickness. Moreover, no statistically significant changes were observed in the values of choroidal thickness in subfoveal, nasal, and temporal quadrants, measured by OCT. This could be the result of tissue selectivity characteristic of the agent to the bladder. However, these findings need to be supported by clinical and experimental studies involving ocular antimuscarinic receptors.
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